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Abstract. We examine a sample of 30 edge-on spiral and SO galaxies that have boxy and 
peanut-shaped bulges. We compute model stellar kinematics by solving the Jeans equations 
for axisymmetric mass distributions derived from A'-band images. These simple models 
have only one free parameter: the dynamical mass-to-light ratio, which we assume is inde- 
pendent of radius. Given the simplicity of the modelling procedure, the model second ve- 
locity moments are strikingly good fits to the observed stellar kinematics within the extent 
of our kinematic data, which typically reach ss 0.5-1 R25 (where ^25 is the optical radius), 
or equivalently » 2-3 R s (where R c is the effective or half-light radius). We therefore find no 
evidence for a dominant dark matter component within the optical disk of spiral galaxies. 
This is equally true of the SOs in our sample, which significantly extends previous obser- 
vational constraints on dark matter in these galaxies. The predicted kinematics do deviate 
slightly but systematically from the observations in the bulge region of most galaxies, but 
we argue that this is consistent with the claim that boxy and peanut-shaped bulges are bars 
viewed edge-on. 
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galaxies: kinematics and dynamics — galaxies: spiral — galaxies: structure 



1. Introduction 

Previous studies indicate with some certainty 
that dark matter does not make a significant 
contribution to the total mass within the 
radius, R25 , of di sk galaxies (e.g. 

iBell & de Jongl 
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2001; 
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2006). 5 



ellipticals find little evidence for significant 
dark matter within the effective radi us, 
(e.g. iGerhard et alJ 1200 it iRusin et all l2003r. 
Romanowskv et alf 120031 : Cappella ri et alJ 
20061: iThomas et alJ 120071) . However, degen- 
eracies in the modelling mean that the dark 



it pos- 
contri- 
matter 
lumi- 



matter content of ellipticals is more uncertain. 
Moreover, R e «: R25. 

Non-axisymmetric galaxies make 
sible to lift degeneracies in the 
butions from luminous and dark 
by ascribing non-circu lar motions to 
nous matter only (e.g. Englmaie r & Gerhard! 
Il999t IWeiner etalJl200ll) . Fast observed pat- 
tern speeds als o constrain dark matter in 
barred disks (e.g.lDebattista & Sellwoodl2000t 
lAguerri et ai]l2003t iGerssen et al.ll2003l) . 

In this study we use the sample of 
thirty SO and spiral galax ies with a boxy or 
peanut-shaped bulge of iBureau & FreemarJ 



Williams, Bureau & Cappellari: Axisymmetric mass models of SOs and spirals 



283 



(1999) to constrain their dark matter 
content. From previous numerical and 
observational work, such galaxies are 
thought to be barred disk galaxies viewed 
edge-on (e.g. iKuijken & Merrifieldl 1 19951: 



Bureau & Free ma 



sunken & 
nl I1999L 



2004; Mendez -Abreu et al.l l2008). 



We experimented with anisotropic models with 
cr z < <tr and found that, outside the bulge, it 
did not significantly affect the models. There is 
a slight but systematic deviation of the mod- 
els within the central 10 arcsec or so, a re- 
Chung & Bureau gion which roughly corresponds to the boxy 
bulges (and thus the non-axisymmetric barred 
regions). 



2. Method and assumptions 

We modelled the stellar kinematics of the sam- 
ple galaxies by making two key assumptions: 
that dark matter is an insignificant dynamical 
component and that these galaxies are axisym- 
metric (so are unbarred). In this way, we were 
able to constrain the dark matter content while 
simultaneously seeking independent confirma- 
tion that boxy bulges are bars viewed edge-on. 

We first parametrized the apparent light 
distributio ns of the galaxie s using K-bwA 
images dBureau et al.1 l2Q06h and the multi- 
Gaus sian expansion method dEmsellem et al.l 
1994). We deprojected these light distributions 
by assuming that the galaxies are axisymmet- 
ric. We then converted the intrinsic light dis- 
tributions to intrinsic mass distributions by as- 
suming constant mass-to-light ratios. This is 
equivalent to assuming either that there is no 
significant dark matter, or that the dark mat- 
ter distribution follows the visible matter in 
shape and scale (which would be inconsistent 
with CDM). Finally, we computed predictions 
of the stellar second velocity moments inte- 
grated along the line-of-sight by solving the 
Jeans equations under the assumption of con- 
stant anisqtropy in the meridional plane (see 
ICappellarill2008l for details). 

3. Results 

Results for 9 o f the 30 galaxies are shown 
in Figure 1 (see IWihiamset al.1 120081 for fig- 
ures for the complete sample). Bearing in mind 
that our modelling procedure contains just one 
free parameter, the mass-to-light ratio (which 
simply scales the models up and down), the 
model second moments are strikingly accurate 
representati ons of the kinematic d ata (them- 
selves from Chung & Bureau 2004). The mod- 
els shown assume isotropy (cr z = ctr, cr Rz = 0). 



4. Discussion 

Because our models are such good fits to the 
data, they provide no evidence for a domi- 
nant dark component within 0.5-17?25 or 2-4 
R e in a sample of thirty SO and spiral galax- 
ies. This is consistent with previous studies of 
spiral galaxies. It also extends the radius out to 
which observational constraints may be placed 
on the dark matter content of SOs. In fact, 
since SOs have been demonstrated to be obser- 
vationally equivalent to fast-rotating elliptical s 
dEmsellem et al.ll2007h ICappellari et al.ll2007l) . 
this statement may also be tentatively applied 
to fast-rotating ellipticals. 

The /f-band dynamical mass-to-light ratios 
that we measure are typically in the range 1- 
2M /Lo,(f. This is c onsistent with those o f 
the SAURON sample dCappellari et al.ll2006l) . 
but the mass-to-light ratios predict ed by the 
single stellar population models of iMarastonl 
( 2005) with a Kroupa initial mass function do 
not exceed IAM q /L q ,k- This may thus hint at 
the presence of dynamically subdominant dark 
haloes. To place constraints on the amount, we 
have constructed Jeans models which expli c- 
itly include darkhalos dWilliams et al.f 2008) 

We are limited by the small size of our non- 
boxy control sample, but the slight but system- 
atic deviation of the models within the bulge 
regions is consistent with the claim that boxy 
bulges are bars viewed edge-on. The sense of 
the discrepancy (model > data) is also consis- 
tent with the construction of the sample, which 
is dominated by bars viewed side-on (end-on 
bars appear spheroidal so were not included in 
this boxy sample). The radial extent of this dis- 
crepancy is smaller than the bars, which are 
probab ly about twice the length of the boxy 
bulge dAthanassoulal 120051) . but simple mod- 
els have shown that the axial ratio of the x\ 
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Fig. 1. Stellar dynamical models of 9 of the 30 galaxies in our sample. The top pane of each 
figure shows the /f-band image (filled contours) and the MGE fit from which the mass model 



was generated (lines). The bottom pane shows the observed stellar v rms = (yL s + o"^ s ) (points) 
and the model second velocity moment (line). The thick notches on the R-axes are at 1 R e and 
the thin notches at 0.5 R 25. The models shown assume isotropy in the meridional plane, but we 
also experimented with fixed, non-zero anisotropies (see Section^. 



orbits supporting the bar decreases rapidly to- 
ward unity from its peak at around 20 percent 
of the length of the bar (see, e.g ., Figure 2 (a) 
of lBureau & Athanassoulall 19991) . 

We will follow up the present work by us- 
ing the derived dynamical mass-to-light ratios 
in two ways. Firstly, we will compare them 
to those inferred from stellar population syn- 
theis models based on absorption line strength 
indices, providing further constraints on the 
dark matter content and initial mass function of 
the galaxies. Secondly we will compute total 
dynamical masses and study the Tully-Fisher 
relation of these galaxies, which should re- 
veal information about the possible evolution- 
ary link between spirals and SOs. 
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